The color of the berry grapes is due to existence of anthocyanins and their accumulation seems to be regulated, at least in part, by abscisic acid. Therefore, exogenous applications of this regulator may increase the anthocyanins concentration in the grapes skin. The objective of this study was to evaluate the effect of abscisic acid on the color of berries and in the anthocyanin accumulation and total phenolic compounds of 'Rubi' grapes. The 'Rubi' grape (Vitis vinifera) variety was studied in the sixth year of production. The experimental design was randomized blocks, with 4 treatments and 6 replications. The treatments consisted of isomer concentrations of (S)-cis-abscisic acid (S-ABA), as follow: Control (0 mg L -1 ); 400 mg L -1 de S-ABA at the beginning of the maturation (BM); 400 mg L -1 at BM + 200 mg L -1 at 25 DAFA (25 days after the first application) and 400 mg L -1 in BM + 400 mg L -1 at 25 DAFA. The berry bunches were sprayed in the morning, using costal sprayer providing full and uniform coverage. The colorimetric characteristics were determined with colorimeter obtaining the following variables: luminosity, saturation, hue angle and color index. The fresh mass, length and width of bunch (berries and stems), number of berries per bunch, soluble solids, titratable acidity, soluble solids/acidity ratio, pH, reducing sugars, anthocyanins, and phenolic compounds were evaluated. The abscisic acid (S-ABA) promoted the physical characteristics of the bunch and berries slightly with no effect on the stems. However, it triggered significant increase in soluble solids content and in the soluble solids/acidity ratio. It also increased the anthocyanin and total phenolic compounds, especially when applied twice, regardless of the concentration, in addition to improve color attributes. It is recommended the application of 400 mg L -1 at BM + 200 mg L -1 at 25 DAFA can be useful to increase anthocyanin and total phenolic and to improve color attributes.
Introduction
The viticulture is one of the most important fruit crops in Brazil, being cultivated in the states of Rio Grande do Sul, Pernambuco, São Paulo, Paraná, Santa Catarina, Bahia, Minas Gerais, Goias and Ceará, contributing to an annual production of 1,388,859 tons of grapes, in 78,450 hectares. Out of this total, 158,781 tons, i.e. 11.43 % is produced in the State of São Paulo, in 8,092 hectares of harvested area (Agrianual, 2015) . In 2014, the state of São Paulo produced 158,781 tons of grapes, staying in third position in the national context, behind only Rio Grande do Sul and Pernambuco (Agrianual, 2015) . São Paulo state stands out as the second national producer of table grapes. The 'Rubi' table grape (Vitis vinifera L.) arose from a somatic mutation of 'Italia' grape, having the pink berry color, the only difference of the cultivar with its origin (Terra et al., 1998) . However, the high incidence of rainfall and the low thermal amplitude during the grapes coloring and maturation cause problems to reach optimal maturation indexes (Gardin et al., 2012) . Therefore, the best color development occurs with the alternation of daytime and nighttime temperature (Pommer et al., 2003) . The grape color is related to the anthocyanin accumulation and pigments that give color to fruits, flowers and vegetables (Ribichaud and Noble, 1990) . The accumulation of anthocyanins starts from veraison (the onset of grape ripening) and is responsible for the intensity of the color of berries and appears to be regulated, at least in part, by abscisic acid (ABA) (Hiratsuka et al., 2001; Ban et al., 2003; Owen et al., 2009) . In some areas, ethephon is usually applied to red-colored table grapes to improve berry color, but this effect is not consistent. In addition, this treatment can cause berry softening, which reduces the value of exported grapes (Roberto et al., 2013) . Thus, other cost-effective management practices capable of enhancing berry color without causing excessive softening need to be identified.
The pioneer studies performed with application of ABA in grape hybrids like 'Kyoho' and 'Olimpia' (Vitis vinifera × Vitis labrusca) evidenced an increase in the concentration of the anthocyanins in skins (Lee and Tomana, 1980; Kataoka et al., 1982; Matsushima et al., 1989; Han et al., 1996) . It is known that the anthocyanin expression depends on internal factors such as ABA, which promotes the transmission effect of MYB1A protein. This protein is in charge to regulate the genes involved in the biosynthetic route of anthocyanin of colored grapes (Jeong et al., 2004) .
Historically, the ABA's production cost was too high and its use had not been justified in agriculture; however, the recent improvement in the production methods of the isomer (S)-cis-abscisic acid (S-ABA), through the fungus Botrytis sp., has made it efficient to the point to be reconsidered as potential in viticulture (Cantín et al., 2007; Peppi et al., 2007; Koyama et al., 2015) . The S-ABA recently demonstrated its efficiency in the anthocyanins accumulation in the peel of several grapes cultivars in Brazil, such as 'Benitaka', 'Crimson Seedless' and 'Isabel' (Roberto et al., 2012; Leão et al., 2014; Yamamoto et al., 2015a,b) .
The objective of this study was to evaluate the effect of treatments consisted of different concentrations of S-ABA at different times over the final phase of ripening after veraison on 'Rubi' table grape, aiming to increase the accumulation of anthocyanins, phenolic compounds and color of berries.
Results and Discussion

Physical aspects of bunches, berries and stems of grape
There were no significant differences among the treatments for the length of the bunch, berries and stems, width of the berries and stems, fresh mass of the stems and number of berries per bunch (Table 1 ). In the experiment conducted by Koyama et al. (2014b) with the application of S-ABA on 'Isabel' grape and by Roberto et al. (2013) in 'Rubi' table grape, no significant differences were found for the mass and diameter of berries and mass and length of bunch. For the 'Redglobe' grape subjected to implementation of S-ABA, Peppi et al. (2007) also found no differences for the mass of berries. There was significant effect for fresh mass and width of the bunch and fresh mass of the berries (Table 1) . For these variables, the largest values were obtained after treatment with two applications of S-ABA (400 mg L -1 at the beginning of the maturation (BM) + 200 mg L -1 at 25 days after the first application (25 DAFA).
Physicochemical aspects of Must (freshly pressed fruit juice)
Regarding the chemical characteristics of Must (freshly pressed fruit juice), significant differences were found for the content of soluble solids (SS), titratable acidity (TA) and relation soluble solids/acidity (SS/TA) ( Table 2 ). In the treatments with the application of S-ABA the highest values were observed for the content of SS, after application of 400 mg L -1 in BM + 400 mg L -1 at 25 DAFA stood out, with 13.9 °Brix, differing from the control (12.3 ºBrix). The application of S-ABA provided smaller TA of grape Must, mainly with the concentration of 400 mg L -1 BM + 200 mg L -1 at 25 DAFA. Koyama et al. (2014b) verified that the lowest TA of grape must 'Isabel' was obtained with the concentration of 400 mg L -1 of S-ABA, regardless of the application season.
For the ratio SS/TA, the treatments that received two applications, regardless of the concentration, showed the largest values (25.0 and 25.2), compared to control (18.3)., Koyama et al. (2014b) found that the application of S-ABA provided an increase in the SS content and consequently SS/TA of 'Isabel' grape. Cao et al. (2010) , observed that the application of S-ABA provided an increase in the SS content in 'Kyoho' grape. The ratio of SS/TA is related to the fruit taste; whereas the larger it is, the more pleasant the taste should be (Chitarra and Chitarra, 2005) . The treatments with S-ABA application resulted in fruits with better quality, evidenced by higher values of this ratio.
For the pH and reducing sugars (AR), no significant differences were found between treatments ( Table 2 ). The pH ranged from 3.4 to 3.5 between the treatments, while the reducing sugars varied from 10.3 to 11.9.
Colorimetric characteristics of grape's berries
Significant differences were found for the colorimetric variables and characteristics such as berries: luminosity (L*), saturation (C*), hue angle (hº) and color index (CIRG) ( Table  3 ). It was found that the treatments with the application of S-ABA, independent of the concentration, showed lower values for the luminosity (30.4 to 30.5), indicating that the berries of 'Rubi' grape submitted to these treatments presented darker color. It was observed a higher average of L* for the control (37.0), indicating that control berries (not treated) presented lower color intensity compared to treated ones, i.e. showed tendency to green color, undesirable characteristic for the grape 'Rubi' grape. Similar results were found in the 'Rubi' grape by Roberto et al. (2013) and in the 'Red Globe' grape by Peppi et al. (2007) .
For the variable Chroma (C*), that defines the color saturation, significant differences were observed. The treatments with application of S-ABA presented the lowest values (9.2 to 9.4), i.e. less saturated; while the control presented saturation of 13.7. The S-ABA also reduced the L* and C* in 'Isabel' grape (Koyama et al., 2014b) , 'Benitaka' (Roberto et al., 2012) and 'Flame Seedless' (Peppi et al., 2006; Peppi and Fidelibus, 2008) .
In relation to the variable hue angle (hº), significant variation was obtained, whereas the highest value was reached with the application of S-ABA with concentration of 400 mg L -1 in IM + 200 mg L -1 at 25 DAFA. On the other hand, Roberto et al. (2012) did not observe significant differences in variable hº for grape 'Benitaka'. The same was observed by Koyama et al. (2014a) to grape 'Isabel'. In the experiment conducted by Roberto et al. (2013) differences were found in the variable hº in 'Rubi' grape. However, the S-ABA application presented lower values than the control. These differences in results, involving application of S-ABA can be explained by the management of the vineyard, grape cultivar and edaphoclimatics conditions among other factors. There was a significant difference for the variable color index (CIRG), verifying that the S-ABA, independent of concentration, resulted in larger values (2.9 to 3.1), differing from the control (1.8). Similar results were found in the grape 'Benitaka' (Roberto et al., 2012) and 'Rubi' grape (Roberto et al., 2013) . The highest color index of berries is a great variable to evaluate the effect of S-ABA on the color of the grapes, because it shows that when the grape 'Rubi' reaches its full natural maturity. In this case, the color uniformity across the surface of the berries does really not occur in control treatment. As it is a fine cultivar grape for table, the color is crucial to obtain the best marketing price, since consumers are attracted by the pink color of berries, because Table 1 . Fresh mass (FM), length (LEN) and width (WID) of the bunch, berries and stems and number of berries per bunch of the grape 'Rubi', subjected to the application of the abscisic acid (S-ABA). São Miguel Arcanjo, SP, Brazil, 2014/2015.
- these when green give the impression that they are immature (acid).
Anthocyanin and total phenolic compounds
There was significant effect for the anthocyanin concentration and total phenolic compounds of berries 'Rubi' grape (Table 4 ). The concentration of total anthocyanins was influenced by the application of S-ABA, being that the values ranged from 0.5 to 0.7 mg 100 g -1 of fresh mass (FM) for berries treated, while for the not treated the concentration was 0.1 mg 100 g -1 of FM (Table 4 ). The application of S-ABA also increased the concentration of total anthocyanins in berries and grape juice of 'Isabel' (Koyama et al., 2014b) and the anthocyanins of 'Flame Seedless' (Peppi and Fidelibus, 2008) . The same was observed for the grape 'Pionnier', with the application of abscisic acid (ABA) (Kondo et al., 1998) .
The S-ABA also promoted significant effect for total phenolic compounds of 'Rubi' grape berries (Table 4 ). The treatments that received two applications, regardless of the concentration, presented the largest values (22.18 and 23.10 mg 100 -1 of FM), differing from the control (17.00 mg 100 g -1 of FM) and treatment with only one application (15.90 mg 100 g -1 of FM) ( Table 4 ). The treatments providing the best color to the bunches of grapes 'Rubi', also had the greatest values of total phenolic compounds, showing that the more intense the color of berries, the higher the content of phenolic compounds. Therefore, the grape color becomes more interesting for consumption, for showing functional characteristic.
The concentration of total phenolic compounds of Must and juice of 'Isabel' grape was not influenced by the application of S-ABA (Koyama et al., 2014b) . Now the treatment with abscisic acid stimulated the anthocyanin accumulation and total phenolic compounds for table grape 'Alachua' and for wine 'Noble' (Sandhu et al., 2011) .
Correlation analysis
Analyzing the correlation, it is verified that the levels of soluble solids (SS) presented moderate positive correlation with pH (r= 0.554), reducing sugars (RS) (r=0.633) and anthocyanins (r=0.526) and moderate negative with the luminosity (L*) (r=-0.460) and strong positive with the ratio soluble solids/acidity (SS/TA), because the r value was 0.784 (Table 5 ). The pH also presented moderate positive correlation with SS/TA, air and anthocyanins and moderate negative with the L*. The titratable acidity (TA) only correlated with SS/TA, considered as strong negative, similar behavior was observed in the relations of reducing sugars. However, in addition to the correlation with SS/TA, correlation with SS and pH, which is moderate positive in both correlations.
The anthocyanins presented moderate positive correlation with SS, pH, SS/TA and color index (CIRG); moderate negative correlation with hº and strong negative with L*. The fact of the anthocyanins has presented correlation with the attributes of color. It can be inferred that the colored grapes present larger concentrations of anthocyanins and feature pleasant flavor (evidenced by correlation with SS and SS/TA).
It was also observed a moderate correlation positive of L* with saturation (C*) (r= 0.464) and with hº (r= 0.551) and strong negative correlation with CIRG (r= -0.732). The use of S-ABA improved the accumulation of the anthocyanins totals of berries 'Rubi' grape, especially when it was applied twice. In addition, the treatments with the application of S-ABA caused reduction in TA of the Must and the increase in the SS content and consequently in ratio SS/TA. These treatments also increased the total phenolic compounds concentrations of berries. Thus, the use of S-ABA is a promising alternative that implies in the increment of the commercial value of the table grape, causing greater acceptance by consumers, since these are attracted by the appearance of the berry pink color of the grape berries 'Rubi'.
Materials and Methods
Location and plant materials
The experiment was carried out in a commercial vineyard of 'Rubi' table grape (Vitis vinifera L.) grafted on the rootstock 420-A, with the grapevines spaced at 4 × 2 m and sustained in pergola system in the sixth year of production. The experiment was performed in the 2014/15 production cycle, in vineyard located in São Miguel Arcanjo, SP (23º31' S, 47º35' O and average altitude of 660 m), Brazil. The climate of the region, according to the Köppen classification is Cwa, with average annual amount of rainfall of 1396 mm, annual average temperature of 20.4 °C and relative humidity of 70.6%.
The long cane pruning (6 buds) was held in August 2014, being subsequently applied hydrogenated cyanimide at 2%, aiming the sproutings uniformity. After the buds sprouting, the removal of less vigorous was performed, leaving 2 to 3 shoots per branch (Roberto et al., 2012) .
Experimental design and treatments
The experimental design was a randomized blocks, with 4 treatments and 6 replications. The treatments were obtained from the concentrations of isomer S-ABA (100 g L -1 of active ingredient, Valent BioSciences Co. ® ) as follows: Control (0 mg L -1 ); 400 mg L -1 of S-ABA in the beginning of the maturation (BM); 400 mg L -1 in BM + 200 mg L -1 at 25 DAFA (25 days after the first application) and 400 mg L -1 in BM + 400 mg L -1 at 25 DAFA. The non-ionic sulfactant BreakThru ® (0.3 mL L -1 ) was added to the syrup of all treatments. It was considered as BM to the first application, softening berries and color change, which presented soluble solids values of 9°Brix and acidity of 0.9 % of tartaric acid. For the application of the treatments, the bunches were sprayed in the morning, using costal sprayer with pressure at 40 kgf 2 with nozzles tips of hollow cone jet-JA1, providing full and uniform coverage, being used syrup volume of 900 L ha -1 .
Harvest and characteristics evaluated
The harvest was performed at 40 days after the first application of S-ABA, in which from each plot five bunches were harvested, and the following physical characteristics were evaluated: fresh mass, length and width of the bunches, berries and stems and number of berries per bunch. For the evaluation of these characteristics a semi-analytical balance was used with precision of 0.1 g with a digital caliper. The chemical characteristics of the Must were determined in a sample of 50 berries per plot as follows: content of soluble solids, pH, titratable acidity, soluble solids/acidity ratio, according to Brasil (2005) and reducing sugar according to the methodology of Nelson (1944) . The color of the berries was evaluated in samples of 50 berries per plot, employing the Minolta colorimeter CR-10 ® , evaluating the variables of the equatorial portion of the berries: L* (luminosity), C* (saturation) and h° (hue angle) (Koyama et al., 2014a) . The color index of red grapes (CIRG) was determined through the formula: CIRG = [(180 -hº) / (L* + C*)] (Carreño and Martinez, 1995) . It was also determined the total concentration of anthocyanins (Lee and Francis, 1972) and total phenolic compounds of berries (Popova et al., 2004) with adjustments.
Statistical analysis
The data obtained were submitted to variance analysis (F) and the averages compared by the Tukey test at 5% probability through the computational program SISVAR (Ferreira, 2011) . A correlation analysis was performed between the contents of soluble solids, pH, titratable acidity, soluble solids/acidity ratio, reducing sugars, anthocyanins and total phenolic compounds of the berries and color attributes (L*, C*, hº e CIRG), performed through the program ASSISTAT (Silva and Azevedo, 2002) .
Conclusions
The application of S-ABA caused slight effects on the physical characteristics of the bunches, berries and stems of 'Rubi' table grape. However, it significantly improved the chemical attributes of the Must, reducing the acidity and increasing the content of soluble solids and soluble solids/acidity ratio. The S-ABA considerably improved the color of the berries of 'Rubi' grape and provided significant increment in the anthocyanin accumulation and total phenolic compounds. In general, the application of S-ABA is a promising tool for the viticulture, because it adds value to the final product, mainly for the fine table grapes, especially when applied twice. Therefore, it is recommended to be applied as 400 mg L -1 of S-ABA in BM + 200 mg L -1 at 25 DAFA, aiming to reduce expenditures in the second application.
